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Prior to the examination of this application, please amend it as follows: 



IN THE SPECIFICATION 

Please Amend the specification as follows: 

Page 1, line 16, please delete "to" and substitute —as— therefor. 

Page 2, line 14, after "of", please insert -a—. 

Page 4, line 8, please delete the first occurrence of "to" and substitute -on- therefor. 

Page 4, line 22, please delete "that". 

Page 4, line 24, please delete the second occurrence of 

Page 5, line 6, please delete the first occurrence of "to" and substitute -on- therefor. 
Page 6, line 4, please delete "An" and substitute -A- therefor. 



Page 6, line 20, please delete "PBC" and substitute --PCB- therefor. 
Page 7, line 15, after "invention", please insert —is—. 

Page 8, line 2, please delete "DISCLOSURE" and substitute -SUMMARY- therefor. 

Page 15, line 21, please delete "to" and substitute —in— therefor. 

Page 16, line 24, please delete "to" and substitute -on— therefor. 

Page 18, line 16, after "With", please insert -the—. 

Page 18, line 24, please delete "thereto" and substitute -thereon— therefor. 

Page 24, line 11, please delete "operates" and substitute —operate— therefor. 

Page 24, line 12, please delete "imposes" and substitute —impose- therefor. 

Page 26, line 5, after "With", please insert —the—. 

Page 27, line 1, please delete "to" and substitute —on- therefor. 

IN THE CLAIMS 

Please amend the claims as follows: 

Claim 1, line 2, please delete "the" and substitute —an- therefor. 
Claim 1, line 6, please delete the second occurrence of "the" and substitute -a- 
therefor. 

Claim 3, line 2, please delete "or claim 2". 

Claim 3, line 2, please delete "is composed of" and substitute —comprises— therefor. 

Claim 3, line 3, please the second occurrence of "the". 

Claim 5, line 2, please delete "the" and substitute -an- therefor. 

Claim 6, line 2, please delete "the" and substitute —an— therefor. 

Claim 7, line 4, please delete "to the". 

Claim 8, line 2, please delete "or claim 7". 

Claim 10, line 2, after "includes" please insert -at least one of-. 

Claim 10, line 3, please delete "/or". 
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Claim 12, line 6, please delete "the" and insert -an— therefor. 

Please add the following new claims: 
--13. (NEW) A liquid crystal display device comprising: 
a first substrate; 

a second substrate opposite said first substrate; 

a liquid crystal disposed between said first and second substrates; and 

a resistance element having an adjustable resistance value disposed on one of 

said first and second substrates and coupled to said liquid crystal for changing a voltage 

imposed thereon. - 

-14. (NEW) The liquid crystal display device of Claim 13 further comprising: 

a liquid crystal driving integrated circuit mounted on said one of said first and 
second substrates having said resistance element disposed thereon. - 

—15. (NEW) The liquid crystal display device of Claim 13 further comprising: 

a plurality of electrodes formed on said first and second substrates, said 
electrodes being formed of the same material as said resistance element.— 

-16. (NEW) The liquid crystal display device of Claim 13 wherein said adjustable 
resistance value of said resistance element is controlled by a pattern of said resistance 
element.— 

—17. (NEW) The liquid crystal display device of Claim 13 further comprising a 
seal formed between said first and second substrates. -- 
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—18. (NEW) The liquid crystal display device of Claim 17 further comprising a 
peripheral circuit disposed between said first and second substrates overboard of said seal.— 



-19. (NEW) The liquid crystal display device of Claim 18 further comprising a 
second seal formed between said first and second substrates outboard of said peripheral 
circuit.— 

-20. (NEW) The liquid crystal display device of Claim 18 wherein said peripheral 
circuit includes at least one of a resistance element and a capacitor.— 



The purpose of this preliminary amendment is to clarify the specification as originally 
filed, to remove multiple dependant claims to reduce filing costs, and to add additional claims 
to provide Applicants with a scope of protection commensurate with their contribution to the 
art. 

Favorable consideration of this application is respectfully requested. 



REMARKS 



Respectfully submitted, 



Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bloomfield Hills, MI 48303 
(248) 641-1600 



Date: December /f , 1998 



By: 




Reg. No. 40,344 
Attorneys for Applicants 



GGS/BEW/dr 
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DESCRIPTION 



LIQUID CRYSTAL DISPLAY DEVICE, METHOD OF 



MANUFACTURING THE SAME AND 



ELECTRONIC EQUIPMENT 



TECHNICAL FIELD 

The present invention relates to a liquid crystal 
display device for displaying a visible image such as a 
character, a numeral and the like by modulating light by 
controlling the alignment of a liquid crystal. Further, the 
present invention relates to a method of manufacturing the 
liquid crystal display device. In addition, the present 
invention relates to electronic equipment using the liquid 
crystal display device. 

BACKGROUND ART 

Recently, liquid crystal display devices have been 
widely used to a visible image displaying portion of various 
types of electronic equipment such as a video camera and the 
like. The liquid crystal display device modulates light by 
controlling the alignment of a liquid crystal depending upon 
whether a prescribed voltage is imposed thereon or not to 
thereby display a visible image such a character, a numeral 
and the like. 
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in general, the liquid crystal display device is 
arranged such that one pixel is formed by a liquid crystal 
partitioned to a dot shape and a visible image display 
region is formed by disposing a plurality of the pixels to a 
matrix shape. Then, the visible image is displayed making 
use of contrast of light produced depending upon whether a 
prescribed voltage is imposed or not on each of the 
respective liquid crystals which form the respective pixels. 
To obtain optimum contrast in this case, the voltage imposed 
on each liquid crystal must be maintained to a prescribed 
value which is optimum to the liquid crystal. 

In an ordinary liquid crystal display device, a liquid 
crystal driving IC is mounted on a liquid crystal panel and 
when an output voltage of host equipment side, for example, 
a portable telephone, is imposed on the external input 
terminal of the liquid crystal driving IC, a voltage which 
will be imposed on a liquid crystal appears to the output 
terminal of the liquid crystal driving IC. However, the 
characteristics of liquid crystal driving ICs may be 
dispersed depending upon conditions under which they are 
manufactured and the characteristics of liquid crystal 
panels may be also dispersed. The following two methods are 
contemplated to impose an optimum voltage on each of the 
liquid crystals forming respective pixels even if such 
dispersion arises. 
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First, there is contemplated a method of adjusting a 
voltage imposed on a liquid crystal to a prescribed value by 
adjusting a voltage supplied from host equipment to a liquid 
crystal driving IC. Another method is such that a 
resistance element is additionally connected to the liquid 
crystal driving IC and a voltage imposed on the liquid 
crystal is adjusted to a prescribed value by adjusting the 
resistance value of the resistance element while maintaining 
the voltage supplied from the host equipment to a given 
value. 

Taking into consideration an actual situation that a 
liquid crystal display device is finished as a product in a 
state that a liquid crystal driving IC is mounted on a 
liquid crystal panel, it is preferable that the output 
voltage of host equipment supplied to the liquid crystal 
display device is adjustable. Actually, however, the method 
in which the adjusting of the voltage is performed in the 
liquid crystal display device while maintaining the voltage 
supplied from the host equipment to the given value has been 
widely used. 

Conventionally, when a voltage is not adjusted on a 
host equipment side but adjusted on a liquid crystal display 
device side, an FPC (flexible printed circuit) or a transit 
PCB (printed circuit board) is connected to the external 
connecting terminal of a liquid crystal panel and a 
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resistance element is mounted on the FPC or the transit PCB 
and an operating voltage which will be supplied to a liquid 
crystal driving IC is changed by the action of the 
resistance element. 

However, the conventional liquid crystal display 
device having the resistance element mounted on the FPC or 
the transit PCB has a problem that an additional area or 
space is required to the FPC or the like to mount the 
resistance element thereon and, as a result, the liquid 
crystal display device is increased in size accordingly. 

In particular, when there is taken into consideration 
a liquid crystal display device of a type having a liquid 
crystal driving lC(s) directly mounted on one or both of a 
pair of light transmitting substrates having a liquid 
crystal sandwiched therebetween, that is, a liquid crystal 
display device of a COG (chip on glass) system, the liquid 
crystal display device has a great advantage that it does 
not especially require a large FPC, transit PCB and the like 
because the liquid crystal display device equips the liquid 
crystal driving IC(s) on the transparent substrate(s) . 
Therefore, concerning the liquid crystal display device of 
the COG type, in case that the FPC or the transit PCB is 
additionally mounted on the liquid crystal display device 
wittingly in order to add a resistance element,, the 
advantage of the liquid crystal display device is greatly 
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reduced by it. 

Incidentally, what is additionally connected to the 
liquid crystal driving IC is not limited to the resistance 
element and there is a case that a peripheral circuit 
including a resistance element, a capacitor and the like is 
disposed to the liquid crystal driving IC to assist the 
operation thereof. The capacitor is provided because of the 
following two reasons. 

(1) Voltages imposed on respective liquid crystals 
corresponding to respective pixels in a liquid crystal panel 
appear to the output terminals of a liquid crystal driving 
IC. In the ordinary liquid crystal display devices, in 
order to impose desired voltages on only the liquid crystals 
of desired pixels and not to impose a voltage on the liquid 
crystals of the pixels disposed around the above pixels, it 
is insufficient only to impose a single pulse voltage on a 
scanning electrode and a signal electrode, and multi-stage 
pulse voltages must be properly superimposed and imposed 
thereon. To impose the multi-stage pulse voltages on the 
respective pixels as described above, the multi-stage pulse 
voltages must be individually output to the output terminals 
of the liquid crystal driving IC. In this case, if the 
respective pulse voltages are unstable, there is a 
possibility that noise arises and the quality of display of 
the liquid crystal display device is adversely affected by 
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the noise. To solve this problem, capacitors are connected 
in parallel between respective voltage levels from which the 
multi-stage pulse voltage outputs are originated. 

(2) An general liquid crystal driving IC needs V DD = 
+3V to drive a logic system circuit and V ss = GND for 
grounding and further V tcD = -6V to drive a liquid crystal 
display device. Depending upon a type of the liquid crystal 
driving IC, there is a liquid crystal driving IC provided 
with three input terminals separately for the three 
potentials or a liquid crystal driving IC of a system which 
is provided with only input terminals corresponding to V ss = 
GND and V DD = +3V and creates V LCD = -6V in the interior 
thereof. When the liquid crystal driving IC of the system 
for creating V CLD from V ss and V DD is used, a voltage 
increasing circuit including a capacitor must be 
additionally provided as a peripheral circuit around the 
liquid crystal driving IC. 

Conventionally, when a peripheral circuit including a 
resistance element and a capacitor is additionally provided 
with a liquid crystal driving IC, the FPC or a transit PBC 
is connected to a liquid crystal panel and the peripheral 
circuit is amounted on the transit PCB or the like. Further, 
Japanese Laid-open No. 8-43845 and Japanese Laid-Open No. 8- 
43846 disclose a technology for directly mounting a 
capacitor on a substrate of a liquid crystal display device. 
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However, when the peripheral circuit is mounted on the 
transit PCB or the like, the area of the transit PCB or the 
like must be increased accordingly and further a large space 
must be prepared. Thus, there is a problem that the overall 
dimension of the liquid crystal display device is increased. 
In addition, a job for assembling the peripheral circuit on 
the transit PCB or the like is troublesome. 

Further, when the peripheral circuit is directly 
mounted on the substrate of the liquid crystal display 
device as disclosed in Japanese Laid-open No. 8-43845 and 
the like, since the area of the projecting portion of the 
substrate must be increased accordingly, there is also a 
problem that the overall dimension of the liquid crystal 
display device is increased. 

An object of the present invention made in view of the 
above problems arisen when a resistance element is 
additionally connected to a liquid crystal driving IC and 
also the above problem arisen when a peripheral circuit 
including a capacitor and the like is additionally connected 
to a liquid crystal driving IC. It is the object of the 
present invention to maintain a small overall dimension of a 
liquid crystal display device even if a resistance element 
is additionally connected to a liquid crystal driving IC or 
even if a peripheral circuit including a capacitor and the 
like is additionally connected to the liquid crystal driving 
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DISCLOSURE OF THE INVENTION 

(1) To achieve the above object, a liquid crystal 
display device according to the present invention for 
displaying a visible image by controlling the alignment of a 
liquid crystal disposed between a pair of substrates by 
imposing a voltage on the liquid crystal is characterized in 
that a resistance element having an adjustable resistance 
value is disposed on at least one of the pair of substrates 
to change the voltage imposed on the liquid crystal. 

According to the liquid crystal display device, even 
if a voltage supplied from host equipment to the liquid 
crystal display device is fixed to a given value, a voltage 
imposed on the liquid crystal in the liquid crystal display 
device can be adjusted to a prescribed value which is 
suitable to operate the liquid crystal with optimum contrast 
by adjusting the resistance value of the resistance element 
disposed on the substrate. Further, since the resistance 
element is directly mounted on the substrate, an FPC or a 
transit PCB need not be used, whereby an increase of the 
overall dimension of the liquid crystal display device can 
be avoided. 

The liquid crystal display device is embodied in 
various types such as a TAB system, a COG system and the 
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like. The liquid crystal display device of the TAB system 
is such that a liquid crystal driving IC is mounted on a 
film carrier tape using a TAB (Tape Automated bonding) 
technology and the film carrier tape is conductively 
connected to a liquid crystal panel using a connecting 
material such as an ACF (anisotropic conductive tape) or the 
like. On the other hand, the liquid crystal display device 
of the COG system is such that the liquid crystal driving IC 
is directly mounted on at least one of a pair of light 
transmitting substrates having a liquid crystal disposed 
therebetween . 

Since the liquid crystal display device of the COG 
system has the liquid crystal driving IC directly mounted on 
the light transmitting substrate of the liquid crystal panel, 
it basically has an advantage that a large FPC or the like 
need not be attached to the outside of the liquid crystal 
panel. Therefore, the direct formation of the resistance 
element on the substrate as disclosed in the present 
invention in the liquid crystal display device of the COG 
system agrees with a target of the COG system which intends 
to form the overall dimension of a liquid crystal display 
device as small as possible because an accessory such as the 
film carrier tape need not be willingly prepared. 

The "resistance element having an adjustable 
resistance value" used in the present invention is not 
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limited to a resistance element having a specific structure 
and, for example, a resistor capable of changing a 
resistance value by moving a slide contact between a 
plurality of fixed contacts, that is, a so-called 
potentiometer can be used. In addition, since electrodes 
are generally formed on substrates by ITO (indium tin oxide), 
the resistance element can be also formed by the same ITO. 

In this case, the ITO as the resistance element is 
previously set to a low resistance value and a proper 
portion thereof is partially removed as desired to thereby 
obtain a desired resistance value. The removal of the 
resistance element can be achieved by, for example, 
irradiating a laser beam to the resistance element. Since 
the simultaneous formation of the resistance element with 
the electrodes omits a process dedicated for the formation 
of the resistance element, a manufacturing cost can be 
suppressed to a low level. 

(2) Next, a method of manufacturing a liquid crystal 
display device according to the present invention for 
displaying a visible image by controlling the alignment of a 
liquid crystal disposed between a pair of substrates by 
imposing a voltage on the liquid crystal is characterized by 
comprising the steps of mounting a resistance element having 
an adjustable resistance value on at least one of the pair 
of substrates and adjusting the voltage imposed on the 
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liquid crystal to a prescribed value by adjusting the 
resistance value of the resistance element. 

According to the manufacturing method , since an 
additional element such as the FPC or the like is not 
necessary when the resistance element is additionally 
connected, the overall dimension of the liquid crystal 
display device can be reduced. 

(3) Next, a liquid crystal display device according to 
the present invention for displaying a visible image by 
controlling the alignment of a liquid crystal disposed 
between a pair of substrates is characterized in that a 
peripheral circuit is formed to a portion sandwiched between 
the pair of substrates. 

According to the liquid crystal display device, since 
the peripheral circuit is formed to the region sandwiched 
between the pair of substrates making effective use of the 
region and the peripheral circuit is not formed to the 
projecting portion of the substrate, the area of the 
substrate can be made as small as possible. Further, an 
additional element such as the transit PCB or like is not 
necessary to assemble the peripheral circuit. As a result, 
the liquid crystal display device can be reduced in size. 
Since the peripheral circuit is formed simultaneously with a 
liquid crystal panel in a process for manufacturing the 
liquid crystal panel, a process for assembling the 
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peripheral circuit need not be separately executed after the 
completion of the liquid crystal panel, whereby a 
manufacturing cost can be reduced. 

In an ordinary liquid crystal display device 
manufacturing process, a seal material is annularly formed 
to any one of a pair of substrates and one of the substrates 
is put on and bonded to the other substrate through the seal 
material. Since the thus formed liquid crystal display 
device has liquid crystal sealed into the inside region 
thereof surrounded by the seal member, when the present 
invention is applied to the thus arranged liquid crystal 
display device, it is preferable to dispose the peripheral 
circuit to a region outside of the seal material. With this 
arrangement, the liquid crystal is prevented from entering 
onto the peripheral circuit, whereby the stability of the 
peripheral circuit can be maintained. 

In the aforesaid liquid crystal display device, the 
peripheral circuit can be surrounded by a second seal 
material. With this arrangement, the peripheral circuit can 
be prevented from being scratched by the bending of the 
substrate at a portion confronting the peripheral circuit. 

The liquid crystal display device is embodied in the 
various types such as the TAB (Tape Automated bonding) 
system, the COG (chip on glass) system and the like as 
described above. The liquid crystal display device of the 
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TAB system is such that a liquid crystal driving IC is 
mounted on a film carrier tape using the TAB technology and 
the film carrier tape is conductively connected to a liquid 
crystal panel using the connecting material such as the ACF 
{Anisotropic Conductive Film) and the like. 

On the other hand, the liquid crystal display device 
of the COG system is such that a liquid crystal driving IC 
is directly mounted on at least one of a pair of light 
transmitting substrates having a liquid crystal disposed 
therebetween. When the peripheral circuit is formed between 
the pair of substrates as disclosed in the present invention, 
the area of the projecting portion of the substrate is not 
unnecessarily increased and further an additional element 
such as the transit PCB or the like need not be used, 
whereby a particular advantage can be obtained. 

In the liquid crystal display device of the 
present invention, the peripheral circuit may be arranged as 
a circuit including a resistance element and/or a capacitor. 
The type of the peripheral circuit is not limited to a 
special type so long as the peripheral circuit can be formed 
on the substrate. When the resistance element is used as 
the peripheral circuit, the resistance element can be formed 
by a carbon printed resistor. When the capacitor is used as 
the peripheral circuit, a voltage output from the liquid 
crystal driving IC can be stabilized and the occurrence of 
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noise can be prevented. Further, a voltage having a new 
voltage value can be generated by increasing an external 
voltage imposed on the liquid crystal driving IC. 

(4) Next, electronic equipment according to the 
present invention is electronic equipment including a liquid 
crystal display device according to the present invention. 
The electronic equipment includes at least the liquid 
crystal display device, a power supply for supplying power 
to the liquid crystal display device and a controller for 
controlling the operation of the liquid crystal display 
device. There can be contemplated, for example, a portable 
telephone, a video camera and other various types of 
electronic equipment as the electronic equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view showing an 
embodiment of a liquid crystal display device according to 
the present invention. 

FIG. 2 is a perspective view showing a state after the 
embodiment shown in FIG. 1 is assembled. 

FIG. 3 is a perspective view showing another 
embodiment of the liquid crystal display device according to 
the present invention. 

FIG. 4 is a perspective view showing still another 
embodiment of the liquid crystal display device according to 
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the present invention and, in particular, a main portion 
thereof. 

FIG. 5 is a plan view showing a further embodiment of 
the liquid crystal display device according to the present 
invention. 

FIG. 6 is a plan view showing a main portion of the 
embodiment shown in FIG. 5 in an enlarged fashion. 

FIG. 7 is a view showing an equivalent circuit when 
the structure shown in FIG. 6 is electrically shown. 

FIG. 8 is a view of an example showing how a voltage 
is changed when the equivalent circuit of FIG. 7 is used. 

FIG. 9 is an exploded perspective view showing a still 
further embodiment of the liquid crystal display device 
according to the present invention. 

FIG. 10 is a perspective view showing a state after 
the embodiment shown in FIG. 9 is assembled. 

FIG. 11 is an exploded perspective view of an 
embodiment of electronic equipment according to the present 
invention. 

FIG. 12 is a block diagram of an electric control 
system used to the electronic equipment of FIG. 11. 

BEST MODE OF CARRYING OUT THE INVENTION 
(First Embodiment) 

FIG. 1 shows an embodiment of a liquid crystal display 
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device according to the present invention. The liquid 
crystal display device is a liquid crystal display device of 
a passive matrix system in which an active element is not 
used and further a liquid crystal display device of a COG 
system in which a liquid crystal driving IC is directly 
mounted on a substrate. 

The liquid crystal display device includes a 
transparent substrate la as a light transmitting substrate 
and another transparent substrate lb which is paired with 
the transparent substrate la. These transparent substrates 
are formed of glass, plastic or the like. Stripe-shaped 
electrodes 2a and pattern electrodes 3a having special 
shapes are formed on the surface of one of the transparent 
substrates la by ITO (indium tin oxide). Further, stripe- 
shaped electrodes 2b and pattern electrodes 3b are formed on 
the surface of the confronting substrate lb by ITO likewise. 

A region A on which a liquid crystal driving IC 4 is 
mounted is formed to the objecting portion of one of the 
transparent substrates la and the plurality of electrodes 2a 
and 3a of the transparent substrate la directly extend up to 
the region A, respectively. On the other hand, the 
plurality of the electrodes 2b and 3b of the transparent 
substrate lb extend up to the IC mounting region A through 
upper/lower conductors 6 disposed to the transparent 
substrate la, respectively. 
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External connecting terminals 7 are formed to the 
input terminals of the IC mounting region A by ITO to make 
conduction between them and an external circuit. Further, a 
resistance pattern 8 is formed by ITO to a position 
corresponding to the resistor connecting terminal of the 
liquid crystal driving IC 4. The resistance pattern 8 as an 
electric circuit lowers external voltages supplied from the 
external connecting terminals 7 in accordance with its 
resistance value and imposes the lowered voltages on the 
liquid crystal driving IC 4 as operation voltages. The 
external connecting terminals 7 and the resistance pattern 8 
are formed simultaneously with the formation of the 
electrodes 2a r 3a on the transparent substrate la. 

When the stripe-shaped electrodes 2a, the pattern- 
shaped electrodes 3a, the external connecting terminals 7 
and the resistance pattern 8 are formed on one of the 
transparent substrates la and further the stripe-shaped 
electrodes 2b and the pattern- shaped electrodes 3b are 
formed on the other transparent substrate lb, alignment 
films are further formed thereon and the respective 
transparent substrates are subjected to alignment processing, 
for example, lapping processing. 

Thereafter, a seal material 9 is annularly formed on 
any one of the transparent substrates, for example, the 
transparent substrate la by screen printing and further 
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spacers such as beads or the like are dispersed on the 
transparent substrate la. Then, the pair of transparent 
substrates la, lb are superposed on each other in such a 
manner that the stripe-shaped electrodes 2a are 
perpendicular to the stripe-shaped electrodes 3a and the 
transparent substrates la, lb are jointed to each other by 
the seal material 9. 

Subsequently, liquid crystal is charged into a space 
formed between the transparent substrate la and the 
transparent substrate lb, that is, a so-called cell gap. 
Further, the liquid crystal driving IC 4 is bonded to the IC 
mounting position A of the transparent substrate la using an 
ACF (anisotropic conductive film) 11 to thereby conductively 
connect the bumps of the liquid crystal driving IC 4 to 
corresponding electrode terminals . 

With above arrangement, a liquid crystal panel on 
which the liquid crystal driving IC 4 is mounted is formed. 
When external voltages each having a prescribed value are 
imposed on the external connecting terminals 7 and an output 
voltage obtained at the output terminal of the liquid 
crystal driving IC 4 is out of a prescribed voltage value 
set to the liquid crystal, any one of the resistance 
branches 8a of the resistance pattern 8 is cut off by a 
laser beam irradiated thereto to thereby adjust the voltage 
imposed on the liquid crystal in the liquid crystal panel to 
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a value proper to the liquid crystal. Since a plurality of 
the resistance branches 8a are disposed in parallel with 
each other positionally and in series to each other 
electrically, one or a plurality of them are cut off as 
necessary. 

Thereafter, polarizers are bonded to the outside 
surfaces of the transparent substrates la, lb to thereby 
complete a liquid crystal display device as shown in FIG. 2. 
In the liquid crystal display device, a back light unit is 
attached externally of the transparent substrate la or the 
transparent substrate lb when necessary. In the liquid 
crystal display device of the embodiment, since a resistance 
element added to the outside of the liquid crystal driving 
IC 4 is not indirectly connected to the liquid crystal panel 
through an FPC or the like but it is directly formed on the 
transparent substrate la of the liquid crystal panel, the 
overall dimension of the liquid crystal display device is 
not uselessly increased. 
(Second Embodiment) 

FIG. 3 shows another embodiment of the liquid crystal 
display device according to the present invention. The 
embodiment is different from the previous embodiment shown 
in FIG. 2 in that a potentiometer 13 is used in place of the 
ITO resistance pattern 8 as a resistance element disposed on 
a transparent substrate la. As known well, the 
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potentiometer 13 is a resistance element capable of changing 
a resistance value between terminals by moving a slide 
contact between a plurality of fixed terminals by rotating a 
knob 14. In the embodiment, the potentiometer 13 is 
conductively connected to an electrode terminal on the 
transparent substrate la by soldering or other conductively 
connecting processing. 

Although, in the liquid crystal display device of FIG. 
2, the resistance value is adjusted by partly removing the 
resistance pattern 8 by the irradiation of the laser beam, 
the resistance value in the embodiment can be adjusted by 
rotating the knob 14 of the potentiometer 13 only a suitable 
angle. Since the potentiometer 13 is directly mounted on 
the transparent substrate la of a liquid crystal panel also 
in the embodiment, an indirect part such as an FPC or the 
like need not be used, whereby the overall dimension of the 
liquid crystal display device is not uselessly increased. 
(Third Embodiment) 

FIG. 4 is a perspective view showing still another 
embodiment of the liquid crystal display device according to 
the present invention and, in particular, a main portion 
thereof. In the embodiment, a resistance element is 
disposed on a transparent substrate la by a resistance 
pattern 18 formed by ITO likewise the embodiment shown in 
FIG. 2. However, the resistance pattern 18 used in the 
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embodiment does not have the plurality of stages of the 
resistance branches 8a connected to each other in series 
which are shown in FIG. 2 and it is formed as a uniform 
rectangular resistance pattern. When the resistance value 
of the resistance pattern 18 is changed, the resistance 
pattern is partly removed by partly irradiating a laser beam 
to the uniform rectangular resistance pattern as shown by a 
broken line B. According to the embodiment shown in FIG. 4, 
the resistance value of the resistance pattern 18 can be 
changed steplessly, although the resistance value of the 
resistance pattern 8 in the embodiment shown in FIG. 2 is 
changed only stepwise. 
(Fourth Embodiment) 

FIG. 5 is a plan view showing a further embodiment of 
the liquid crystal display device according to the present 
invention. The embodiment is arranged similarly to the 
previous embodiment shown in FIG. 1 in that a transparent 
substrate la is jointed to a transparent substrate lb by a 
seal material 9, polarizers 12 are bonded to the outside 
surfaces of the transparent substrates la, lb, a liquid 
crystal driving IC 4 is mounted on the objecting portion of 
the transparent substrate la, an external connecting 
terminal 7 is formed to a side end of the transparent 
substrate la and a resistance pattern 2 8 is formed to the 
objecting portion of the transparent substrate la. 
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The embodiment is different from the embodiment shown 
in FIG. 1 in that the resistance pattern 28 is modified, 
which will be specifically described below. As shown in FIG. 
6, the resistance pattern 28 includes five resistance 
branches 28a - 28e which are composed of the same material 
as that of the electrodes 2a, 3a (see FIG. 1) and formed 
simultaneously with them. 

The resistance branch 28c is connected to the ground 
level of the liquid crystal driving IC 4, further the 
resistance branch 28c is connected to the resistance branch 
28a through a narrow communication pattern SI, the ground 
resistance branch 2 8c is connected to the resistance branch 
28b through a narrow communication pattern S2, the ground 
resistance branch 28c is connected to the resistance branch 
28d through a narrow communication pattern S3 and the ground 
resistance branch 28c is connected to the resistance branch 
2 8e through a narrow communication pattern S4 . 

The respective communication patterns SI - S4 act as 
switching elements for intermittently connecting the ground 
resistance branch 28c to the respective resistance branches 
28a, 28b, 28d and 28e. FIG. 7 shows them in an electrical 
circuit. When the liquid crystal display device is 
initially manufactured, since the respective communication 
patterns SI - S4 connect the resistance branches 28a - 28e 
to each other, the respective communication patterns SI - S4 
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are turned on. 

Since the respective resistance branches 28a - 28e are 
connected to a resistor disposed in the liquid crystal 
driving IC 4, when any one of the communication patterns Si 

- S4 or a plurality of them combined suitably are selected 
and cut off, a suitable one or ones of the switches Si - S4 
in FIG. 7 can be turned off. The communication patterns Si 

- S4 can be cut off by the irradiation of, for example, a 
laser beam. 

When a suitable one or ones of the communication 
patterns SI - S4 are selected and cut off, that is, when 
they are turned off, an operation voltage imposed on the 
liquid crystal driving IC 4 can be changed to a desired 
voltage value. For example, an operation voltage V op can be 
changed to four stages of +2%, +1%, -1% and -2% as shown in 
FIG. 8. 

That is, the embodiment does not change the respective 
resistance branches 28a - 28e so that they have target 
resistance values, but uses them as the switching elements 
and changes resistance values by controlling ON and OFF of 
the switching elements of them. 
(Fifth Embodiment) 

FIG. 9 shows a still further embodiment of the liquid 
crystal display device according to the present invention. 
In the embodiment, the same numerals as used in the 



embodiment shown in FIG. 1 are used to denote the same parts 
and the description of the parts is omitted when they were 
described previously. 

In the embodiment, external connecting terminals 7 are 
formed on the input terminal side of an IC mounting region A 
by ITO to make electrical communication with an external 
circuit. Further, resistance elements, for example, carbon 
printed resistors 40 are formed to the extreme ends of an 
ITO patterns 38 extending from a position corresponding to 
the resistor connecting terminal of a liquid crystal driving 
IC 4. The resistors 40 operates, as an electro-circuit, to 
imposes external voltages supplied from the external 
connecting terminals 7 on the liquid crystal driving IC 4 as 
operating voltages after dropping the external voltages in 
accordance with the resistance values thereof. The external 
connecting terminals 7 and the ITO patterns 3 8 are formed 
simultaneously with the formation of electrodes 2a, 3a on a 
transparent substrate la. The printed resistors 40 are 
formed at a suitable timing after or before the ITO patterns 
3 8 are formed. 

When the stripe-shaped electrodes 2a, the pattern- 
shaped electrodes 3a, the external connecting terminals 7, 
the ITO pattern 38 and the resistors 40 are formed on one of 
transparent substrates la and further stripe-shaped 
electrodes 2b and pattern-shaped electrodes 3b are formed on 
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another transparent substrate lb, alignment films are 
further formed on the transparent substrates and the 
respective transparent substrates are subjected to alignment 
processing, for example, lapping processing. 

Thereafter, a seal material 9 is annularly formed on 
one of the transparent substrates, for example, the 
transparent substrate la by screen printing in such a manner 
that the region where the resistors 40 are formed is located 
externally of the annular seal material 9 and further the 
periphery of the resistors 40 is surrounded by a second seal 
material 9a. Subsequently, spacers such as beads or the 
like are dispersed on the transparent substrate la and then 
the pair of transparent substrates la, lb are superposed on 
each other so that the stripe-shaped electrodes 2a are 
perpendicular to the stripe-shaped electrodes 2b and they 
are jointed to each other by the seal material 9 and the 
second seal material 9a. 

Subsequently, liquid crystal is charged into a space 
formed between the transparent substrate la and the 
transparent substrate lb, that is, to a so-called cell gap. 
At the time, the liquid crystal is not charged into the cell 
partitioned by the second seal material 9a which surrounds 
the resistors 40, although the liquid crystal is sealed in 
the inside region of the seal material 9. Next, the liquid 
crystal driving IC 4 is bonded to the IC mounting region A 
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of the transparent substrate la using an ACF 11 to thereby 
conductively connect the respective bumps of the liquid 
crystal driving IC 4 to corresponding electrode terminals on 
the transparent substrate la. 

With above arrangement , a liquid crystal panel on 
which the liquid crystal driving IC 4 is mounted is formed 
and further a liquid crystal display device 35 as shown in 
FIG. 10 is completed by bonding polarizers to the outside 
surfaces of the transparent substrates la, lb. In the 
liquid crystal display device 35, a back light unit is 
attached externally of the transparent substrate la or the 
transparent substrate lb when necessary. In the liquid 
crystal display device 35 of the subject embodiment, since a 
voltage dividing circuit including the resistors 4 0 is 
provided as the peripheral circuit of the liquid crystal 
driving IC 4, even if an external voltage, which is supplied 
from external equipment, for example, a portable telephone, 
through the external connecting terminals 7, is fixed to a 
given value, the external voltage can be changed by the 
resistors 40. Therefore, proper operation voltages can be 
supplied to the liquid crystal driving IC 4 at all times, 
whereby proper switching voltages can be imposed on the 
respective pixel liquid crystals in the liquid crystal 
display device. 

Moreover, in the subject embodiment, since the 
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peripheral circuit including the resistors 40 is disposed to 
the main body portion of the liquid crystal panel, that is, 
to a portion sandwiched between the pair of transparent 
substrates la, lb, instead of being disposed on the 
objecting portion of the transparent substrate la, the size 
of the objecting portion of the transparent substrate la 
need not be increased. Further, it is not necessary to 
employ such a large and troublesome structure that a transit 
PCB is connected to the external connecting terminal 7 of 
the liquid crystal panel and resistance elements are 
assembled on the transit PCB- As a result, the overall 
dimension of the embodiment can be greatly reduced 
regardless of that the peripheral circuit is included in the 
liquid crystal display device. 
(Modified Embodiment) 

The voltage dividing circuit using the printed 
resistors 40 as the peripheral circuit is contemplated in 
the embodiment of FIG. 9. However, a peripheral circuit 
applicable thereto may include any arbitrary electronic 
elements other than the resistance elements, for example, 
capacitors. The employment of the peripheral circuit 
including the capacitors can stabilize the voltage output 
from the liquid crystal driving IC and generate a voltage 
having other value at internal of the liquid crystal dryving 
IC, by utilizing a voltage input to the input terminal of 
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the liquid crystal driving IC. To form the capacitors in a 
narrow gap formed between the pair of transparent substrates, 
the electrodes of the confronting substrates can be 
connected to each other by upper/lower conductors likewise 
the stripe-shaped electrodes for driving the liquid crystal, 
although a dielectric may be or may not be sandwiched 
between confronting ITOs . 
(Sixth Embodiment) 

FIG. 11 shows an embodiment when the liquid crystal 
display device according to the present invention is used as 
a display unit of a portable telephone as electronic 
equipment. The portable telephone shown here comprises an 
upper case 2 6 and a lower case 27. The upper case 26 
includes a transmitting/receiving antenna 30, a keyboard 
unit 29 and a microphone 32. The lower case 27 includes a 
liquid crystal display device 35 shown in, for example, FIG. 
10, a speaker 33 and a circuit board 34. 

As shown in FIG. 12, there are disposed on the circuit 
board 34 a receiving unit 31 connected to the input terminal 
of the speaker 33, a transmitting unit 37 connected to the 
output terminal of the microphone 32, a controller 36 
composed of a CPU and the like and a power supply 39 for 
supplying power to the respective units. The controller 3 6 
reads the states of the transmitting unit 37 and the 
receiving unit 31 and supplies information to a liquid 
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crystal driving IC 4 base on the read result to thereby 
display visible information on the effective display region 
of the liquid crystal display device 35. Further, the 
controller 36 supplies information to the liquid crystal 
driving IC 4 based on the information output from the 
keyboard unit 2 9 to thereby display a visible information on 
the effective display region of the liquid crystal display 
device 35. 
(Other Embodiments) 

While the present invention has been described with 
reference to the preferable embodiments, it is by no means 
limited thereto and various modifications and changes can be 
made within the scope of the invention disclosed in the 
annexed claims . 

For example, as to the liquid crystal display device 
of the present invention, the present invention is also 
applicable to a liquid crystal display device of any 
arbitrary system, for example, a liquid crystal display 
device of a TAB system in addition to the liquid crystal 
display device of the COG system shown in FIG. 1 to FIG. 4. 
Although the respective embodiments employ the light 
transmitting (transparent) substrate, the substrate may be 
not transparent. Further, the present invention is also 
applicable to a liquid crystal display device of an active 
matrix type when necessary. 
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As to the electronic equipment of the present 
invention, although the embodiment shown in FIG. 11 
exemplifies a case that the liquid crystal display device of 
the present invention is applied to the visible image 
display unit of the portable telephone, it is needless to 
say that the present invention is applicable to any 
arbitrary electronic equipment other than the portable 
telephone, for example, a finder of a video camera and the 
like. 

Industrial Applicability 

The liquid crystal display device of the present 
invention can be preferably used as a visible image display 
unit of electronic equipment such as a portable telephone, a 
video camera and the like. The method of manufacturing the 
liquid crystal display device according to the present 
invention can be preferably used to manufacture a liquid 
crystal display device of this type having a small overall 
dimension. Further, the electronic equipment according to 
the present invention is effective as various types of 
electronic equipment provided with a display unit for 
displaying visible images such as characters, numerals, 
pictures and the like. 
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CLAIMS 

1 . A liquid crystal display device for displaying a 
visible image by controlling the alignment of a liquid 
crystal disposed between a pair of substrates by imposing a 
voltage on the liquid crystal, wherein a resistance element 
having an adjustable resistance value is disposed on at 
least one of the pair of substrates to change the voltage 
imposed on the liquid crystal. 

2 . A liquid crystal display device according to claim 
1, wherein a liquid crystal driving IC is directly mounted 
on at least one of the pair of substrates and said 
resistance element is disposed on the substrate on which 
said liquid crystal driving IC is mounted. 

3 - A liquid crystal display device according to claim 
1 or claim 2, wherein said resistance element is composed of 
the same material as that of the electrodes formed on the 
substrates and formed to a prescribed pattern and the 
resistance value of said resistance element is set by 
partially removing the pattern shape by removal processing. 

4 . A liquid crystal display device according to claim 
3, wherein said resistance element is formed by ITO (indium 
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tin oxide) . 

5. A method of manufacturing a liquid crystal display- 
device for displaying a visible image by controlling the 
alignment of a liquid crystal disposed between a pair of 
substrates by imposing a voltage on the liquid crystal, 
wherein the method is comprised of the following steps of: 

mounting a resistance element having an adjustable 
resistance value on at least one of the pair of substrates; 
and 

adjusting the voltage imposed on the liquid crystal to 
a prescribed value by adjusting the resistance value of the 
resistance element. 

6 . A liquid crystal display device for displaying a 
visible image by controlling the alignment of a liquid 
crystal disposed between a pair of substrates, wherein a 
peripheral circuit is formed to a portion sandwiched between 
the pair of substrates. 

7. A liquid crystal display device according to claim 
6, wherein the pair of substrates are bonded to each other 
by a seal material and said peripheral circuit is disposed 
to the outside of the seal material. 
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8. A liquid crystal display device according to claim 
6 or claim 7 , wherein said peripheral circuit is disposed in 
a cell surrounded by a second seal material. 

9 . A liquid crystal display device according to claim 
6, wherein a liquid crystal driving IC is disposed on at 
least one of the pair of substrates . 

10. A liquid crystal display device according to claim 
6, wherein said peripheral circuit includes a resistance 
element and/or a capacitor. 

11. A liquid crystal display device according to claim 
10, wherein the resistance element is a carbon printed 
resistor. 

12. An electronic equipment including a liquid crystal 
display device, a power supply for supplying power to the 
liquid crystal display device and a controller for 
controlling the operation of the liquid crystal display 
device, wherein the liquid crystal display device displays a 
visible image by controlling the alignment of a liquid 
crystal disposed between a pair of substrates, and a 
peripheral circuit is formed to a portion sandwiched between 
the pair of substrates. 
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ABSTRACT 



In a liquid crystal display device for displaying a 
visible image by controlling the alignment of a liquid 
crystal disposed between a pair of transparent substrates 
(la, lb), a resistance element (8, 13, 18, 28, 40) for 
changing a voltage which will be imposed in the liquid 
crystal is directly formed on the transparent substrate (la) 
by ITO or the like. One or ones of the resistance branches 
(8a) of a resistance pattern (8) are cut off by a laser beam 
to thereby change the resistance value of the resistance 
pattern (8) so that a voltage which will be imposed on the 
liquid crystal is adjusted. A peripheral circuit including 
a capacitor and/or the like may be directly formed on the 
transparent substrate (la) in addition to the resistance 
pattern (8). The peripheral circuit may be formed to a 
portion located between the pair of transparent substrates 
(la, lb). The shape of the liquid crystal display device as 
a whole can be reduced by the formation of the resistance 
element and other peripheral circuit on the substrate of a 
liquid crystal panel. 



09/202107 



1/10 



FIG. 1 




09/202107 




09/20210? 



4X10 



PIG. 5 




5/10 



09/202107 




6/10 




Vop 



09/20210? 



7/10 



FIG. 9 




09/2Q210Z 

9/10 



FIG. 11 



26 



09/2C2.1Q 



10X10 



"FIG. 12 



(32 



MICROPHONE 



r 35 



LIQUID CRYSTAL 
DISPLAY UNIT 



LIQUID CRYSTAL 
DRIVE IC 



,29 



KEYBOARD : 



RECEIVING 
UNIT 



c 31 



TRANSMITTING 
>1 UNIT 



( 37 



r 36 



CONTROLLOER 

(CPU) 



r 39 



POWER 
SUPPLY 



34 



I 55 «£f)n PTO/SB/106 (8-96) 

I t#R ~ " - Approved for use through 9/30/98 OMB 0651-0032 

i Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1*995, no persons are required to respond to collection of inform ation unless it displays a valid OMB control number. 

eiko Epson Ref. No.: FP03235US00 r Attorney's Ref. No.: 9319S-000082 

Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled 

LIQUID CRYSTAL DISPLAY DEVICE. METHOD OF 
MANUFACTURING THE SAME AND ELECTRONIC EQUIPMENT 

the specification of which is attached hereto unless the following 
box is checked: 



□ MIWJ JV; , .Tun^S sL-^Sllction Number or 

__ |u pcT „„ Numb . r 

and was amended on 

(if applicable). 



lAJ^ ^WR&B'&^tS ±MnSlE&<Dtfl ffl^%&9i U I hereby state that I have reviewed and understand the contents 

Hfft/O^ £ b&Z.ZiZBBMly£~fo of the above identified specification, including the claims, as 

amended by any amendment referred to above. 



MnmWl^.MB3 71^1^5 6miZfeM£H%tjS tK I acknowledge the duty to disclose information which is material 
^f^»^&CD*^itOl^Tfi^*^i*^IS^-r5«^A 3 $>i)^^:^^ to patentability as defined in Title 37, Code of Federal 



£>S~f~o Regulations, Section 1 



Page 1 of 4 



Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any 
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark 
Office. Washington, DC 20231. DO NOT SEND FEES OE COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and 
Trademarks, Washington, DC 20231. 



Under the Paperwork Red 



is are required to respond 1 



PTO/SB/106 (8-96) 
Approved for use through 9/30/98 OMB 0651-0032 
ent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
m of information unless it displays a valid OMB control number. 



Japanese Language Declaration 



fti±, *S"3*SS3 5il 1 9£ (a)-(d)3gX&3 6 5*(b) 
^^^3 6 5*(a)afcS^<HIRa«, X&^HT"©#tfF 

tan* u < t±isra#iE©asfcr3^T©^HflBfe**i^c^sf 



Prior Foreign Application(s) 

9-103711 
(Number) 

9-103712 

(Number) 
(#^) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which priority 
is claimed. 

Priority Not Claimed 
«5fc*S±3B& b 



Japan 



21 /April/1 997 



(Country) 
(fflfc) 
Japan 



(Day/Month/Year Filed) 
21 /April/1 997 



□ 



□ 



(Country) 
(B«> 



(Day/Month/Year Filed) 

(ffiH^MH) 



I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) (Filing Date) 

(ffiJH*^) (WISH) 

&ttTffi©#Bi&ft£ 3 5 $11 2 0^tav^TTIH©*H^ffFm 

mjzmmisfitzMm, xtt#B**t£bTv> 3 6 5 

*(c)Ka£r3<*s*jsc:c:fcigBusro sfes *mp.©#if5i<«s 
h©^^*hs«^3 5 mi 1 2mmimximmtimmM 

**5BBsiaiHs-c©»iia*t:A^nfc, mnrnwimmmz 7m 

1$56 JB-c^«$fifc«ffr3l6f«©««ffcH-rSfiS«:««C"3t^ 



PCT/JP98/01804 21 /April/1 998 

(Application No.) (Filing Date) 



(Application No.) (Filing Date) 

ca«#^) (tuna) 

I hereby claim the benefit under Title 35, United States Code, 
Section 1 20 of any United States application(s), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, Section 
1 1 2, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application: 

Pending 

(Status: Patented, Pending, Abandoned) 

mm : mm*, mm) 



(Application No.) (Filing Date) 

(fflH##) (ffl«B) 

at±, ft s #©»»ca^^T -cftfffffc a mm-tfin 
n-e&v, ipoft^A^ Ltzmmt&vm b * t z *> fcs^s < mm 

MtX^ti&S tm bW & Z £ £ ftfc*&© 
fc±IB©^h<a«^l!tb*t-o 



(Status: Patented, Pending, Abandoned) 
(.MM : ^fFffr RJSf* )&*?£) 
I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 2 of 4 



PTO/SB/106 (8-96) 
Approved for use through 9/30/98 OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to collection of information unless it displays a valid OMB control number. 

Japanese Language Declaration 

S-ffiiR : TB0WM^tLX, *tBHtH"f 5 — WO^M POWER OF ATTORNEY: As a named inventor, I hereby appointthe 

# %*FfVF&UmteM UTjl^-T §#S±^feiiftSA t IT, T following attorney(s) and/or agent(s) to prosecute this application 
ffiO#Sit*V^fcb*-r o (#M±> ttzli^MX(D&^R^» and transact all business in the Patent and Trademark Office 
£ 3§gH© £ h ) connected therewith, tffof name and registration number) 

G. Gregory Schivley, (Reg. 27,382) /) G. Gregory Schivley, (RegJJgBQ 

Bryant Wade, (Reg. 40,344) CP<^ Bryant Wade, (Reg.^OJWfX, 



Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bllomfield Hills, Michigan 48303 



Send Correspondence to: 

Harness^ Dig_key & .Pierce , P.L.C. 
ED. Box 828 _ 

Bllomfield H ills. Michigan 48303 



Direct Telephone Calls to: (name and telephone number) 
Harness, Dickey & Pierce, P.LC. 
(248) 641-1600 



Harness, Dickey & Pierce, P.L.C. 
(248) 641-1600 



Full n 



e of sole or first inventor 



I Inventor's signature 



mm 



Citizenship 
Japan 



mm 

392-8502 B*aft»*IRttm*;*]3Ta3#5-S- 



Post Office Address 
c/o Seiko Epson Corporation 
3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 



lues mm. 



e of second joint inventor, if any 



Bit 



Second inventor's signature Date 



Residence 



an 
a* 



Citizenship 
Japan 



^39*2^8502 H *HfiSf SHlfiTtT**u3T g 3#5^ 



Post Office Address 
c/o Seiko Epson Corporation 
3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 



^ (Supply similar information and signature for third and subsequent 
joint inventors.) 
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Japanese Language Declaration 

Sffi^K : TsB<D*B#f il UT, #mKfcgi1" 3— aj©^ POWER OF ATTORNEY: As a named inventor, I hereby appoint the 
L^Mfrt &#M±1iifctetfMX£ UT, T following attorney(s) and/or agent(s) to prosecute this application 
momtia^tch^o (#S±^ ^tzltfmXCO&^RU^m and transact all business in the Patent and Trademark Office 
S^-^BFjfHffl Z £ ) connected therewith, (list name and registration number) 
G. Gregory Schiviey, (Reg. 27,382) G. Gregory Schivley, (Reg. 27,382) 
Bryant Wade, (Reg. 40,344) Bryant Wade, (Reg. 40,344) 


mnmm ■. 

Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bllomfield Hills, Michigan 48303 


Send Correspondence to: 

Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bllomfield Hills, Michigan 48303 


Harness, Dickey & Pierce, P.L.C. 
(248) 641-1600 


Direct Telephone Calls to: (name and telephone number) 
Harness, Dickey & Pierce, P.L.C. 
(248) 641-1600 




Full name of third joint inventor, if any 


*=ttra«Bi#©** Bit , 


A Thirdjhventor's signature Date 




Residence » 

Tsv^h'iHO-Mtil hk<tCf/)0-kes) > Japan "ST^b 


mm 


Citizenship " 
Japan 


392-8502 B*SftB*IKifim*W3Tl3#5* 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 






Full name of fourth joint inventor, if any 




Fourth inventor's signature Date 




Residence 

, Japan 


Hit 


Citizenship 




Post Office Address 






(Supply similar information and signature for fifth and subsequent 
joint inventors.) 
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